The exchange of Fe3+ between pyrophosphate and transferrin. Probing the nature of an intermediate complex with stopped flow kinetics, rapid multimixing, and electron paramagnetic resonance spectroscopy.
A detailed study of the exchange of Fe3+ between pyrophosphate and human serum transferrin was undertaken to test the hypothesis of a generalized reaction route for exchange of Fe3+ between transferrin and chelators. The initial rate of Fe3+ transfer from pyrophosphate to apotransferrin-CO2-3 is highly sensitive to the pyrophosphate to iron ratio with a maximal rate being observed at a ratio of 3:1, consistent with the presence of slowly reactive polymeric species at ratios less than 3:1 as revealed by EPR and kinetic measurements. At a ratio of 4:1 the reaction is distinctly biphasic. The rapid first phase results in the formation of an intermediate postulated as a mixedligand complex of the type PPi-Fe3+-transferrin-CO2-3. The intermediate has a distinct EPR spectrum and an absorption spectrum similar to that of Fe3+-transferrin-CO2-3, but with a spectral maximum at 450 nm rather than 465 nm. The second phase principally arises from the slow reaction of polymeric iron-pyrophosphate with the apoprotein and has contributions from the breakdown of the intermediate formed in the first phase. The rate of formation of the intermediate shows a hyperbolic dependence on NaHCO3 and apotransferrin concentrations, the latter suggesting a rate-limiting labilization of Fe3+(PPi)3, perhaps to form species of the type Fe3+(PPi)2, prior to attack by apotransferrin-CO2-3. Multimixing stopped flow spectrophotometry was employed to test the chemical reactivity of the Fe3+ to reduction at various times during the first phase. Surprisingly, a diminution of reactivity of 1000-fold was noted after only 2% of the first phase was completed, indicating a fast initial reaction which is not observed by normal rapid flow spectrophotometry. This initial reaction may involve the binding of iron-pyrophosphate to allosteric sites on the protein. The kinetics of iron removal from Fe3+-transferrin-CO2-3 by PPi are consistent with a rate-limiting conformational change in the protein as proposed earlier.